Abstract: Breast cancer affects one out of eight women in their lifetime. Many factors contribute to the development of breast cancer, such as hereditary mutations and lifetime exposure to environmental factors, including estrogen. In addition, overweight and obesity, especially with increased waist circumference, are known to be associated with breast cancer risk. This review will summarize our understanding of the effect of diet on breast cancer incidence and progression. Since some inflammatory cytokines that are changed by a high-fat diet are known to promote the growth of breast cancer cells, these cytokines may serve as biomarkers to monitor the dietary influence for women at high risk of breast cancer and as future therapeutic targets for breast cancer treatment.
Introduction
Breast cancer represents the most commonly diagnosed cancer in women. According to American Cancer Society (www.cancer.org), 252,710 new cases of invasive breast cancers are predicted to be diagnosed in the USA in 2017, with an expected 40,610 deaths [1] . Familial diseases only account for 5-10% of breast cancer cases, while the majority of breast cancers are sporadic cancers that are induced by somatic mutations. A recent study estimated that in breast cancer the majority of somatic cancer-related mutations are due to random mistakes during normal DNA replication [2] . However, it is also clear the rate of random mutations is not entirely equivalent to the risk of cancers, since in most cases more than two mutations are needed to induce a cancer. A large percentage of breast cancer cancers are still preventable. Cancer research UK estimates that 27% of breast cancer cases could be prevented [3] .
A number of lifestyle-related risk factors have been associated with breast cancer, including consumption of alcohol, being overweight or obese (particularly abundant abdominal adipose, measured as waist circumference), physical activity, post-menopausal exposure to hormone therapy, etc. Numerous studies have attempted to explain the association of diet with cytokines and breast cancer. We will first review the evidence and then discuss the influence of diets on cytokines that can contribute to the development of breast cancer.
Epidemiological studies on diets and breast cancer risk and progression

High-fat diets
The potential influence of a high-fat diet on the risk of development of breast cancer and subsequent progression has been evaluated in many studies. Two of the large prospective cohort studies are the Nurses' Health Study (NHS) and the Nurses' Health Study II (NHSII) [4] . The NHS was initiated in 1976 when 121,701 US female registered nurses ages 30-55 years completed an initial questionnaire. The NHSII was initiated in 1989 with 116,430 nurses ages 25-42 years. Diet was assessed every 4 years using a semi-quantitative food frequency questionnaire. One study compared the incidence of lethal cases, which were women with invasive breast cancer who died of breast cancer [5] . It was found that higher total fat intake was associated with a slightly lower breast cancer mortality risk (top vs. bottom quintile HR = 0.85; 95%CI 0.72-1.01; p trend = 0.05). However, among women diagnosed with breast cancer, pre-diagnosis fat intake had no effect on survival. Although the analysis failed to provide a solid support for a protective role for high fat intake, it strongly argued against a causal role for fat intake in increased mortality from breast cancer, as higher pre-diagnosis fat intake was not associated with increased risk of lethal breast cancer in these large prospective cohort studies [5] .
It is possible that only certain components of a high-fat diet are associated with an increased risk of breast cancer. The NHSII study reported a positive association between animal fat intake and breast cancer risk among premenopausal women, but not among postmenopausal women [6] . Specifically, higher cholesterol intake and early adult intake of animal fat were associated with higher premenopausal breast cancer risk (highest vs. lowest quintile HR = 1.18; 95%CI 1.04-1.33, p trend = 0.01). In an ecologic study of 46 dietary surveys performed in 17 countries, intake of animal fat, but not fish fat, was associated with breast cancer mortality in women of 50 years and above. However, vegetable fat intake also correlated positively (p < 0.01) with breast cancer mortality [7] .
If the high-fat diet represents a risk for breast cancer, low-fat diet might then bring benefit to the management of breast cancer. In the Women's Intervention Nutrition Study (WINS), a reduction in dietary fat intake to 22% of total energy intake led to a 24% reduction in the recurrence rate of breast cancer [8] . Patients in the reduced fat group maintained a reduced BMI with a 6-pound lower mean body weight. A survival analysis was completed at the 108-month follow-up based on death registry information. Fewer deaths in the intervention group (HR 0.82, 95%CI 0.64-1.07) were noticed, although the difference was not statistically significant (p = 0.146) [9] .
However, the Women's Healthy Eating and Living (WHEL) randomized trial reported no association of dietary fat reduction with recurrence or survival in women with early stage breast cancer [10] . In this study, women in the intervention group were encouraged to have more vegetable and fruit intake and reduce the energy intake from fat to 15-20% of total calories. Despite increased vegetable consumption was achieved in the intervention group, these subjects were only able to reduce fat intake to 21.2-22.7% of total energy during the first year, as compared to 28.5% at the baseline, but gradually gained back fat intake to 28.9% at 72 month.
One notable difference between the two contradictory studies was that weight loss was observed in the WINS study but not in WHEL. It is thus proposed that diet modifications (increasing fruit, vegetables, and fiber, while reducing fat intake) may significantly reduce breast cancer risk or increase relapse-free survival only if they are associated with weight loss.
As breast cancer is a disease of many causes and thus can be categorized into several subtypes, it is likely that fat intake in the diet is more associated with certain types of breast cancer. In a large (n = 337,327) heterogeneous cohort of women [11] , 10,062 breast cancer cases were recorded during the 11.5-year follow-up. This study reported that high saturated fat were associated with greater risk of ER+PR+ (highest vs. lowest quintiles, HR = 1.28, 95%CI 1.09-1.52, p trend = 0.009) and HER2− disease (highest vs. lowest quintiles, HR = 1.29, 95%CI 1.01-1.64, p trend = 0.04). This result is consistent with the role of fat-induced estrogen activity in the development of ER+ breast cancer that we will discuss in later sections.
Dietary fatty acids
High-fat diets are complex and contain different types of fatty acids, and only some may be beneficial to reduce the risk to develop breast cancer. Without teasing out the different types of fatty acids, it could be difficult to come to a clear conclusion on the effect of total fatty acids on breast cancer. Not surprisingly, a meta-analysis of Embase and PubMed through September 2015, which identified twenty-four independent studies on dietary total fat and fatty acids intake and seven studies on serum fatty acids, failed to observe any association between dietary total fat/fatty acids intake and the risk of breast cancer [12] .
A group of fatty acids called polyunsaturated fatty acids (PUFAs) contain more than one double bond in their backbone. For humans, essential fatty acids are either ω-3 or ω-6 PUFAs. Studies comparing the breast adipose tissue from breast cancer patients and controls demonstrated that age-adjusted ω-6 PUFA (linoleic acid and arachidonic acid) content was significantly higher in breast cancer patients (649  36.00 vs. 527.6  38.6, mol/g, p = 0.02) [13] . In a prospective Shanghai Women's Health Study including 72,571 cancer-free participants at baseline, women with lowest intake of marine-derived ω-3 PUFA and highest intake of ω-6 PUFA had increased risk for breast cancer (HR = 2.06; 95%CI = 1.27-3.34), compared to women with highest intake of marine-derived ω-3 PUFAs and lowest intake of ω-6 PUFAs [14] . This is consistent with a similar observation on breast cancer risk previously reported in a prospective study of 35,298 Singapore Chinese women [15] .
In other studies, ω-3 PUFAs were also reported to have benefits to reduce the mortality in breast cancer patients. Khankari et al. examined a population-based follow-up study conducted on Long Island, New York, among 1463 women who were newly diagnosed with first primary breast cancer [16] that were followed for 14.7 years. These patients were interviewed approximately 3 months after diagnosis to assess risk and prognostic factors, including dietary intake. All-cause mortality was reduced among women who reported the highest intake of fish (other than tuna and shellfish) (HR = 0.71, 95%CI = 0.55-0.92, p = 0.03) and long-chain ω-3 PUFA DHA (HR = 0.71, 95%CI = 0.55-0.92, p = 0.04). Protective effect of long-chain ω-3 PUFA intake from fish and other dietary sources was also suggested by the Japan Collaborative Cohort (JACC) study [17] . In contrast, a later Japan Public Health Center-based prospective (JPHC) study indicated that ω-6 PUFA was associated with higher risk of tumors positive for the estrogen receptor (ER) and progesterone (PR) [18] . It is proposed that some of ω-6 PUFA, such as Arachidonic acid (AA), are pro -inflammatory and can produce prostaglandin E2 (PGE2, see next section). In contrast, ω-3 Fatty acids, such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), bind to the same enzymes used in AA metabolism and therefore potentially lower the levels of inflammatory eicosanoids. In addition, the 3-series of PGs (PGE3), which are synthesized after high ω-3 PUFA diets, are less efficient than PGE2 to induce macrophages to produce the inflammatory cytokine IL-6 [19] . Furthermore, ω-3 PUFAs can also induce cytotoxic environment to increase apoptosis and reduce growth of transformed and malignant breast cancer cells [20] .
Mediterranean diet
Since the overall cancer incidence in Mediterranean countries is lower than in other Western countries, such as UK and USA, the Mediterranean diet has been suspected to be beneficial to reducing cancer risk [21] . The Mediterranean diet is characterized with high consumption of vegetables, fruits, nuts, legumes, unprocessed cereals, and fish. The diet also contains a high ratio of monounsaturated fatty acids to saturated fatty acids, modest consumption of alcohol, and minimal consumption of meat and dairy products.
In a meta-analysis, women with high Mediterranean diet adherence slightly reduced risk of postmenopausal breast cancer as compared with women of low adherence [22] (HR = 0.94, 95%CI 0.88-1.01). Although the Mediterranean diet components of vegetables and fruits are both associated with reduced breast cancer risk in many studies, the consumption of alcohol is considered to be a risk factor [23] and could compromise the overall benefit. Not surprisingly, in a meta-analysis of published reports on Mediterranean diet and breast cancer risk, although a 10% reduced risk was observed for the diet in pooled case-control studies, no reduced risk was observed in prospective cohort studies [21] . An alternate Mediterranean Diet Score that excludes alcohol has been developed to evaluate the effect of Mediterranean diet [22] .
Using the alternate Mediterranean Diet Score system, a recently published Netherlands Cohort Study, in which 62,573 women aged 55-69 years had been followed up for cancer incidence from 1986 to 2007, revealed that the risk of ER negative postmenopausal breast cancer was inversely associated with adherence to Mediterranean diet [22] . Compared with women who had low adherence to Mediterranean diet, high adherence women had 40% reduced risk of ER negative breast cancer (HR = 0.60, 95%CI 0.39-0.93, p for trend = 0.032). Very weak or no association with Mediterranean diet was found for ER positive as well as total breast cancer.
Mediterranean diet supplemented with extra-virgin olive oil appeared to show beneficial effect in the prevention of breast cancer incidence in the PREDIMED study, which recruited 4282 women in Spain aged 60 to 80 years and at high cardiovascular disease risk [24] . The limitation for this secondary analysis is the low number of incident cases (only 35), and these women were all white, postmenopausal, and at high risk for cardiovascular disease. It is not clear if this observation can be extended to a broader population.
Other diets
The Mediterranean diet includes fruits and vegetables as two beneficial components for health. Both fruits and vegetables have been examined in many studies to evaluate their benefit. In the Nurses' Health Study II (NHSII) study, high fruit consumption (2.9 vs. 0.5 servings per day) during adolescence was associated with 25% lower risk of breast cancer diagnosed in middle age. Higher early adulthood intake of fruits and vegetables rich in alpha carotene was also associated with 18% lower risk of premenopausal breast cancer [25] .
Liu et al. also studied the relationship between adolescent diet and subsequent risk of breast cancer. Dietary fiber, vegetable protein, vegetable fat, and nuts consumed during adolescence were associated with 20-34% reduced breast cancer risk [26] .
Despite the potential benefit of fruit intake in adolescence, its effect on breast cancer is very limited, especially when attempted to use as a therapeutic approach. In the WHEL randomized trial with women previously treated for early stage breast cancer [10] , the adoption of a diet that was very high in vegetables, fruit, and fiber and low in fat failed to reduce subsequent breast cancer events or mortality during a 7.3-year follow-up period.
Factors that complicate the dietary effect
Understanding the effect of diets from epidemiological studies is very challenging. One major issue is the reliability of food diary, if the study is based on questionnaires tracking down what volunteers have consumed, and especially if the food diary is based on the recollection. It is known that study participants have variability in the accuracy of reporting what they eat in prospective trials. In addition, it is practically difficult to have a "control" group for the diet. Some food or food supplements that might also be functional are difficult to be controlled and thus can mask the effect of the studied diet.
Alcohol
Alcohol is a known risk factor for breast cancer. The unequivocal finding is that the breast cancer risk is increased by alcohol, with a 13% increase for each additional daily drink [27] . A study of the UK Dietary Cohort Consortium reported that a 'high-alcohol' pattern was associated with a higher risk of breast cancer (HR = 1.27, 95%CI 1.00-1.62, p trend = 0.04), especially in post-menopausal women (HR = 1.46, 95%CI 1.08-1.98, p trend = 0.01) [23] . However, modest alcohol is considered a beneficial factor in the Mediterranean diet. In the Netherlands Cohort Study, when the breast cancer incidence was evaluated using an alcohol-excluding Mediterranean diet score, women who had 4-5 points had reduced age-adjusted risk of breast cancer incidence, as compared with those with 0-3 points (HR = 0.85, 95%CI 0.74-0.98). In contrast, when having modest alcohol scored one point, the benefit of Mediterranean diet to the reduction of breast cancer incidence was no longer significant (HR = 0.92, 95%CI 0.79-1.06) [22] .
Glycemic index (GI)
Dong et al. conducted a meta-analysis of prospective cohort studies to evaluate the associations between dietary glycemic index (GI)/glycemic load (GL) and risk of breast cancer [28] . The meta-analysis suggested that high dietary GI is associated with a significantly increased risk of breast cancer. Dietary GL was not associated with breast cancer risk.
Red meat and processed meat.
Processed meat is classified by the International Agency for Research on Cancer (IARC) of World Health Organization (WHO) as carcinogenic, and red meat is also considered as probably carcinogenic by the same agency. A recent study [29] showed that high consumption of red meat and processed meat may increase risk of postmenopausal breast cancer.
Mechanism by which dietary factors influence breast cancer risk
There are a number of possible ways in which dietary factors may modulate breast cancer risk, such as through modulation of cholesterol levels, body weight, and inflammatory cytokines. Furthermore, it is likely these factors interact to contribute to breast cancer risk. Obesity is associated with chronic inflammation that also contributes to the proliferation of cancer cells or the escape of cancer cells from immune surveillance, diets can influence the development of cancers by modulating the activity of inflammatory cytokines. For breast cancer, some cytokines can further regulate the production of estrogens in the microenvironment.
Epidemiological relationship between cholesterol levels and breast cancer risk
Since high-fat diets can increase circulating cholesterol levels, many epidemiological studies have been performed to evaluate the association between blood cholesterol level and breast cancer risk. These studies, however, have failed to produce consistent conclusions. There are many possible explanations, including confounding effects of statin use, study heterogeneity regarding breast cancer subtypes, and the potential differential effects of HDL cholesterol (HDL-C), LDL-cholesterol (LDL-C), and triglycerides (TG). In addition, it is suggested that some of these studies were compromised by potential preclinical bias, which in the case of breast cancer refers to the influence of cancer cells on blood cholesterol levels [30] . Malignant cells are known to have increased LDL receptor activity and consume the metabolites of cholesterol as the fuel for growth. This may drive down the serum level of cholesterol. Therefore, a well -designed epidemiological study should take this into consideration and ideally exclude the cancer cases diagnosed during the first years of follow-up.
In general, cholesterol levels appear to be negatively associated with breast cancer risk. In a study of a cohort of 46,570 Swedish women less than 75 years of age, serum cholesterol levels were not found to have any correlation with breast cancer risks [31] . However, in women younger than 50 years old, there was a significantly decreased risk with increasing serum cholesterol levels. Since the first statin drug was approved in 1987, cholesterol levels in the Tornberg study should not be affected by concomitant statin use in the study participants. Total serum cholesterol was also observed to be inversely associated with breast cancer risk in a Norwegian study [32] . In this study, 24,329 Norwegian women were followed for 11-14 years and 242 cancer cases were recorded. Women in the highest quartile of serum cholesterol (> 7.51 mM) had a 47% reduced risk of breast cancer than those in the lowest quartile (< 5.85 mM), and strong association became obvious after 2 years. There was an overall weak negative association for serum triglycerides with breast cancer risk [32] .
It appears that serum HDL-C is the more relevant form of cholesterol in terms of influence on breast cancer risk. In a meta-analysis of reported studies up to 2014, a reversed association of total cholesterol with breast cancer risk was observed in studies that excluded preclinical bias [30] . In this study, LDL-C was not associated with breast cancer risk, and HDL-C was the specific type of cholesterol that is negatively associated with the risk.
The modest "protective" role of HDL-C in breast cancer was unexpected, but it can be explained by the changed estrogen and cytokine profiles in people with high HDL-C. In overweight and obese women, higher serum HDL-C was associated with reduced salivary estradiol concentration. In contrast, women who had high serum LDL-C/HDL-C ratio ( 2.08; 75 percentile) usually had substantially higher levels of salivary estradiol by cycle days. In addition, serum HDL-C was also inversely related to serum leptin and insulin [33] , two cytokines that have influence on breast cancers (see later sections).
While the above studies suggest a protective role for total cholesterol, specifically due to HDL-C, two Korean studies have demonstrated a positive association between total cholesterol and breast cancer risk [34, 35] .
Despite the beneficial effect of serum cholesterol to breast cancer, dietary cholesterol intake has been associated with breast cancer risk. In a meta-analysis study, people with the highest dietary cholesterol intake had 29% higher risk than the lowest group to have breast cancer. The association between dietary cholesterol and breast cancer became statistically significant when the cholesterol intake was greater than 370 mg/day [36] .
Possible mechanism of cholesterol on breast cancer risk
Cholesterol is the precursor for a large number of metabolites with important biological functions that may influence breast cancer risk and progression. It is reported that a metabolite of cholesterol, oxysterol 27-hydroxycholesterol (27HC), has estrogen receptor agonistic activity [37] . 27HC was also demonstrated to stimulate the growth and metastasis of tumors in several models of breast cancer. The enzyme responsible for the production of 27HC from cholesterol, CYP27A1, is observed to have elevated expression in breast tumors [37] . Thus, breast cancer cells have the potential to convert cholesterol into ER agonist to promote the proliferation of cancer cells.
Epidemiological relationship between obesity and breast cancer risk
In epidemiological studies, overweight/obese postmenopausal women have an increased risk of breast cancer incidence by as much as 40% [38, 39] . In premenopausal women, studies suggested a decreased risk of breast cancer in overweight/obese women as defined by BMI [40] . However, the BMI might not be an ideal measurement for overweight/obese. When waist circumference was used to measure abdominal adiposity, analysis of the data collected from the NHSII study indicated that waist circumference was significantly associated with greater incidence of breast cancer [41] .
In breast cancer patients, studies have demonstrated that obesity is associated with a 35-40% increased risk of breast cancer recurrence and death, specifically in estrogen receptor-positive breast cancer [42, 43] . As revealed by the analysis data collected from 80,000 women in 70 clinical trials (the Early Breast Cancer Trialists' Collaborative Group), obesity in premenopausal and perimenopausal women with estrogen receptor-positive breast cancer is associated with higher mortality rate [44] . In premenopausal women with ER-positive breast cancer, the cancer mortality rate was 21.5% after 10 years in obese women, but only 16.6% in normal-weight women with the disease.
Possible mechanisms of obesity on breast cancer risk
Overweight and obese individuals have a unique cytokine pattern that reflects typical products produced by adipocytes. These cytokines, termed adipocytokines, include inflammatory cytokines IL-6 and IL-8, the angiogenic cytokine VEGF, and the metabolic regulators insulin, insulin-like growth factors (IGF-1), adiponectin, leptin, resistin and visfatin [45] (Figure 1 ).
Figure 1.
Fat diets, cytokine and breast cancer. High fat diets can affect adipocytokine production in the host. Some of these adipocytokines, as well as the fatty acids from the diets, have been shown to influence the development and progression of breast cancer.
Overweight and obesity may also influence the development of the breast cancer through the elevated levels of estrogen activity and increased levels of adipocyte-secreted endocrine factors [45] . For ER+ breast cancer, abundant estrogen activity has been shown to promote the growth of tumor cells.
In fat tissue, the estrogen is produced by the enzyme aromatase. One possible mechanism for inflammatory cytokines is to increase the aromatase function. Some cytokines, such as TNF, IL-6, IL-11, leukemia inhibitory factor (LIF) and oncostatin M, are able to induce the expression of aromatase [46] , thus eventually leading to increased estrogen activity.
Insulin-like growth factors (IGF)
Creighton and colleagues examined the effects of obesity on the gene expression of primary breast tumors [47] . An IGF signaling pattern was detected in obese breast cancer patients. It has also demonstrated that estrogens can induce an obesity-associated transcriptional program in vitro. This study highlighted the IGF activity as the consequence of obesity-related metabolism changes and the association between obesity and overproduction of estrogen.
IGF-1 is expected to promote cell proliferation and survival via the activation of phosphatidylinositol 3-kinase (PI3K)/Akt and mitogen-activated protein kinase (MAPK)/p38 signaling pathways. IGFs can also render resistance against therapeutic treatments [48] .
Initial studies revealed that breast cancer patients had elevated circulating levels for IGF-I and for the major IGF-binding protein IGFBP3 [49] . Levels of both IGF-I and IGFBP3 are associated with tumor size. Patients with lower plasma IGF-I levels (< 120 ng/mL) had better overall survival. However, further studies, including prospective studies and meta-analysis, have indicated that there is a lack of strong evidence for IGF-1 and IGFB3 as a biomarker for breast cancer risk [50] [51] [52] [53] [54] [55] . While IGF-1 may be associated with a subcategory of breast cancer, inconsistence in the detection methods of IGF-1 and IGFBP3 may have compromised previous studies to draw conclusions on serum/plasma IGF-1 and IGFBP3 [56] . In addition, insulin resistance might be more relevant to the development of hyperplasia and breast cancer in postmenopausal women [57] .
Interestingly, administration of the anti-estrogen agent Raloxifene in postmenopausal high-risk women was shown to reduce serum IGF-1 in a dose-dependent manner [58] . This study also confirms that IGF-1 is down-stream of estrogens.
Insulin
In postmenopausal women, elevated baseline insulin levels were associated with higher risk to develop breast cancer, while glucose levels have no association with risk [59] . In early breast cancer patients, baseline insulin levels at diagnosis correlates with distant recurrence and death during the first 5 years, while obesity-related variables (BMI, weight, leptin) predict adverse outcome throughout the median 12.1 years of follow-up [60] .
Studies suggest that insulin resistance is more directly linked to higher risk to develop breast cancer [61] . The homeostasis model assessment of insulin resistance (HOMA-IR) is a conventional method to assess insulin resistance. As shown in a cross-sectional study, the prevalence of breast cancer is higher in insulin-resistant patients than in insulin sensitive patients [61] . Individuals with insulin resistance (HOMA-IR ≥ 2.50) had higher risk of both premenopausal and postmenopausal breast cancer (premenopausal: HR 1.98, 95%CI 1.19-3.32; postmenopausal: HR 1.29, 95%CI 1.01-1.63).
Resistin
Resistin is an adipocytokine of the cysteine-rich family of proteins mainly produced by macrophages. In vitro studies have shown that resistin stimulates invasion and migration of breast cancer cells through the phosphorylation of c-Src, protein phosphatase 2A (PP2A), and PKC [62] .
In a hospital-based case-control study, plasma resistin levels were associated with breast cancer risk in women, showing about two-fold higher risk for women in the highest quartiles of resistin [63] . Further analysis indicated that mean serum resistin was significantly higher in post-menopause breast cancer patients than controls and patients with benign breast lesion (p < 0.001) [64] . However, in premenopausal women, resistin may have a protective role in breast cancer [65] .
Visfatin
Visfatin, also known as pre-B cell colony-enhancing factor (PBEF), is an inflammatory cytokine that is produced by fat cells. As shown in a rat model of high-fat diet induced non-alcoholic fatty liver disease (NAFLD), expression of visfatin in liver was also elevated [64] . In postmenopausal women, a positive relationship was found between serum visfatin level and dietary SFA, PUFA and cholesterol intake [66] .
In a case-control study, significantly elevated serum level was found in postmenopausal breast cancer (PBC) cases than in control participants (p < 0.001) [67] . Women in the highest quartile of visfatin concentration had significantly higher risk for PBC (HR = 7.93; 95%CI 2.52-24.9). In breast cancer, high visfatin expression in tissue was associated with malignancy and poor patient survival [68] .
An in vitro study indicated that curcumin, a known dietary NF-B inhibitor, could reduce visfatin expression [69] . This can be explained by the existence of NF-B binding sites in the promoter region of the visfatin gene [69] . In the animal model of NAFLD, high fat diet induced liver expression of visfatin was reduced by the treatment of curcumin [70] . In high-fat-induced obesity rats, both metformin and swimming exercise down-regulated visfatin levels in subcutaneous adipose tissue and peri-renal adipose tissue [71] .
Leptin
Leptin is the protein product of the obese gene. In both rodents and man, plasma leptin levels correlate with BMI, and its level in obese people could be reduced after weight loss due to food restriction [72] . Both low-fat and low-carbohydrate diets for weight loss purpose have the same leptin-reducing effect in overweight-to-obese post-menopausal breast cancer survivors [73] . In ER negative breast cancer cells, leptin induced IL-6 production and the activation of Signal Transducer and Activator of Transcription 3 (STAT3) [74] .
IL-6
In a cross-sectional study of 100 Korean adults free from pre-existing inflammatory disease or cancer, serum CRP, TNF-α and IL-6 concentrations were found to be higher in obese than in non-obese individuals. Specially, obesity measured by visceral adiposity was significantly correlated with IL-6 concentration [75] . IL-6 from obese serum was shown to induce PGE production in cancer cells and subsequently aromatase expression in adipocytes to produce more estrogens [76] .
In a randomized controlled trial, a caloric-restriction diet led to an average of 8.5% weight loss and a reduction in serum IL-6 levels [77] .
CCL5
Chemokine (C-C motif) ligand 5 (CCL5), also known as RANTES, is a member of the CC chemokine family. CCL5 is a strong chemo-attractant for monocytes and T-cells to infiltrate to tumor, but it can also act directly on cancer cells. By binding to the CCR5 receptor, CCL5 was shown to increase glucose uptake by up-regulating cell surface expression of the glucose transporter GLUT1, and therefore increase ATP production in breast cancer cells [78] . Thus, the CCL5-CCR5 interaction in the tumor microenvironment was considered to regulate glycolysis to promote tumor proliferation and invasion.
The extracellular in vivo levels of CCL5, as determined by micro-dialysis, were three times higher within the breast cancer than in adjacent normal breast tissue [79] . In stage II breast cancer patients, CCL5 is a predictor of disease progression, as CCL5 levels are elevated in patients with high-grade tumors [80] . Expression of CCL5 in peritumoral adipose tissue of women with TNBC was shown to be associated with lymph node and distant metastases. There was also a negative correlation between CCL5 staining in the peritumoral adipose tissue and overall survival of patients [81] .
Production of CCL5 is also linked to adiposity and estrogen activity. Serum levels of CCL5 in nonalcoholic fatty liver disease (NAFLD) are elevated as compared with normal healthy people [82] . In a rat model, it was observed that hepatic CCL5 was upregulated after only 4 weeks of high-fat-diet (HFD) [82] . CCL5 levels also correlated significantly with plasma estradiol concentrations, and the increased release of CCL5 by estradiol was confirmed by experimental mouse model of breast cancer [79] . CCL5 represents a potential target for breast cancer therapy.
Hepatocyte growth factor (HGF)
Adipocytes from obese subjects secret more HGF than those from lean subjects. At 6 months after bariatric surgery, serum HGF levels in obese subjects could reduce from an average of 1164 to 529 pg/mL [83] .
Basal-like breast cancer (BBC) cells express the HGF receptor, c-Met. Sundaram et al. studied C3(1)-TAg mice, a murine model of BBC [84] . In this model, obesity-induced stable HGF expression and the phenotype were both maintained after several passages in the absence of dietary stimulation. Conditioned media from primary tumor fibroblasts of obese mice contained HGF and were able to stimulate tumor cell proliferation, while neutralization with anti-HGF antibody could prevent tumor cell migration.
Pro-inflammation prostaglandin PGE2
Prostaglandin E2 (PGE2) is a naturally occurring prostaglandin that has a role in increasing vascular permeability, fever generation, and hyperalgesia. PGE2 is the metabolite of arachidonic acid, generated by an enzymatic cascade controlled by cyclooxygenase (COX) enzymes (e.g. COX2).
Upregulation of COX2 and, consequently, elevated PGE2 synthesis are associated with the progression of many cancers, including breast cancer [85] . In breast carcinomas, COX2 expression also correlates with tumor size, high-grade HER2 positivity, and a worse disease-free interval. PGE2 has also been associated with increased breast cancer risk, and several studies have indicated that the use of nonsteroidal anti-inflammatory drugs (NSAIDs), inhibitors of COX2, can reduce the risk of breast cancer in preclinical studies [86] .
Both the adipose tissue and breast tumors can produce PGE2 to drive aromatase expression and accumulate estrogen locally in the breast [87] . Serum from obese postmenopausal women was shown to induce COX-2 expression and PGE2 production in breast cancer cells in an IL6-dependent manner [76] .
The future for diets and dietary elements for breast cancer prevention and management
Evidence suggests that diets leading to weight loss may significantly reduce breast cancer recurrence risk and increase relapse-free survival [8] . These dietary modifications include increasing fruit, vegetables, and fiber, and reducing fat and alcohol intake.
A few dietary elements are positioned to supplement the standard of care for breast cancer patients. Although some of them have been tested in clinical trials [88] , there are still insufficient evidences from interventional randomized control trials. Although the survival benefit remains to be the gold standard to evaluate the effect of therapies or dietary interventions, it is hoped that in the future biomarkers can be used as surrogate endpoints to facilitate clinical trials.
For the prevention of breast cancer, a short-term trial (1-2 years) sometimes is performed to predict the long-term effect of diets by monitoring the change of breast cancer risk factors, such as mammographic density [89] .
In a 5-month intervention trial, Kaaks et al. studied the effects of dietary intervention in postmenopausal women with elevated baseline plasma testosterone levels. The diet included reductions in the intake of total fat and refined carbohydrates, an increase in the ratio of -3 over -6 and saturated fatty acids, and increased intake of foods rich in dietary fiber and phytoestrogens [90] . These dietary alterations led to a significant reduction of body weight, waist circumference, fasting serum levels of testosterone, C peptide, glucose, and insulin area (after glucose tolerance test). They also led to a significant increase of serum levels of sex hormone-binding globulin, IGFBP-1, IGFBP-2, and growth hormone-binding protein, although the serum levels of IGF-I were not changed [90] .
A recent study indicates that a fasting-mimicking diet could reduce serum IGF-1 [91] . This study was performed in 100 generally healthy participants for the effects of a diet low in calories, sugars, and protein but high in unsaturated fats. The subjects were only on the fasting-mimicking diet for 5 consecutive days per month. After three months, in addition to the reduced serum IGF-1, body mass index, blood pressure, fasting glucose, triglycerides, total and low-density lipoprotein cholesterol, and C-reactive protein were more beneficially affected in participants at risk for diseases.
It is expected that dietary modification might be more beneficial to a subgroup of women. For example, in a clinical trial involving postmenopausal women with high breast density and increased risk for breast cancer, administration of -3 fatty acids increased serum DHA levels, but corresponding breast density changes only happened in women with BMI > 29 [92] .
In addition to diets, exercise may lead to beneficial effects on serum inflammatory cytokines. In one study, women with diabetes who performed exercise regularly had a 59% reduced breast cancer risk [93] . In another study, the exercise group of postmenopausal breast cancer survivors was encouraged to achieve an average of 120 min/week of moderate to vigorous-intensity recreational activity over 6 months. Both insulin and IGF-1 levels were reduced in the exercise group (7.1 and 3.4%, respectively), while both of these two cytokines increased in the control group at the 6-month follow-up [94].
Conclusion
Over the past 20 years, US has seen a rising breast cancer incidence rate but lowering mortality rate. Both the early detection of breast cancer and the development of more advanced therapies account for these trends. As a result, more women now are living with breast cancer. It is clear that current accumulated knowledge of the effect of diets and other life styles such as exercise on breast cancer will be translated into practice. Diets may influence the risk of breast cancer recurrence or progression. In addition, some diets may also help decrease risk of development of breast cancer in the currently healthy population. An important public health implication is that the control of body fat, through proper dietary management and sufficient exercise, is beneficial to the reduction of the breast cancer risk, including the risk for disease recurrence and progression.
